Phytochemical investigation of the aerial parts of Potentilla fulgens L. led to the isolation of two new triterpenes, potentene A (1) and potentene B (2). In addition, three known compounds afzelchin−4α→8΄΄−catechin (3), epiafzelchin (4) and rutin (5) were isolated. The structures of all these compounds were elucidated by extensive spectroscopic and chemical evidence. Compounds 3, 4, and 5 exhibited significant 1,1,diphenyl-2-picrylhydrazyl radical scavenging activity, with IC 50 values of 1.21, 2.88 and 5.20 mg/mL, respectively; the known standard antioxidant, vitamin C, had a value of 0.44 mg/mL.
The genus Potentilla (Rosasceae) comprises 500 species of annual, biennial and perennial herbs [1] and is distributed mainly in temperate, Arctic and alpine zones of the northern hemisphere [2] . P. fulgens Lodd. is found at high altitudes (1500-2000 m msl) in the western and eastern Himalaya in India. The vernacular name of this plant is ''Bajradanti'' [3] . It is used in the ayurvedic system of medicine for treatment of diarrhea, gastric problems, diabetes mellitus and tumors [4, 5] . Earlier phytochemical investigations of P. argentea, P .chinesis and P. dicolor report the presence of tannins and triterpenes [6] [7] [8] [9] [10] [11] . However, there is only one previous chemical investigation of the secondary metabolites of P. fulgens [12] . In continuation of our phytochemical investigations of high altitude medicinal plants [13, 14] , we report the characterization of two new triterpenes, potentene A (1) and potentene B (2), together with three known compounds afzelchin−4α→8΄΄−catechin (3), epiafzelchin (4) and rutin (5) from the aerial parts.
Compounds 3 and 4 were flavan-3-ols and compound 5 a flavan-4-one. Structures of all the compounds were elucidated by spectroscopic techniques including 2D NMR spectroscopy. In addition, the n-hexane, EtOAc, and n-butanol extracts, as well as the isolated compounds 3, 4, 5 were screened for their DPPH radical scavenging activity. ______________ . IR bands at 1631 cm -1 (C=C stretching) and 891 cm -1 (C-H bending) were characteristic of a double bond at the 12 position in a pentacyclic triterpenoid [15] . The IR absorption band at 1702 cm -1 indicated the presence of a carbonyl group in the ring. Bands at 1161 and 1111 cm -1 indicated the presence of a side chain in the molecule [16] . In the 1 H NMR spectrum, two methyl singlets at δ H 0.82 were assigned to Me-23 and Me-27. A multiplet at δ H 0.93 was assigned to Me-31, a singlet at δ H 1.04 to Me-26, a singlet at 1.07 to Me-24, and two singlets at 1.09 to Me-25 and Me-28. A multiplet at δ H 1.27 was assigned to Me-29. The assignment of methyl groups was also in good agreement with literature values [17] [18] [19] . A broad signal at δ H 5.16 due to an olefinic double bond was assigned to H-12. The 13 C NMR spectrum, together with DEPT spectra, showed 8-CH 3 , 10-CH 2 and 6-CH signals. Seven signals were assigned to quaternary carbons. Out of the seven quaternary signals, one was assigned to a quaternary double bond (δc 139.91), one to a carbonyl carbon (δc 218.05), and the remaining five to quaternary carbons corresponding to six methyl groups in the pentacyclic ring. This indicated the presence of six methyls, nine methylenes and five methines arranged in a pentacyclic ring. Furthermore, a methine proton at δ H 1.70 (m, H-21) showed HMBC correlation with δ 59.23 (C-17), 31.4 (C-22) and 29.8 (C-20) . This confirmed the presence of a substituted alkyl side chain at the C-21 position. A methine proton signal at δ H 1.31 (m, H-22) showed HMBC correlation with δ 23.7 (C-30), 21.5 (C-31) and 39.8 (C-21), and confirmed the presence of two methyl groups in the alkyl side chain at C-29 and C-31.This also confirmed the presence of the remaining two methyls, one methylene and one methine group in an isobutyl side chain attached to a pentacyclic ring at C-21.The heteronuclear multiple bond coherence (HMBC) of the H-12 (δ H 5.16, brs) olefinic proton showed correlation with the quaternary carbon at δc 139.91 (C-13). The signal at δc 218.05 was assigned to the carbonyl group in ring-A at the C-3 position. Important HMBC correlations of 1 are shown in Figure 1 . On the basis of NMR data, HMBC and HMQC correlations and other spectral assignments, the structure of 1 was confirmed as 30-methyl-17α-hopan-12-ene-3-one and designated potentene-A.
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The positive HRESI-QTOF-MS of compound 2 showed a pseudomolecular ion peak [M+H] + at m/z 823.9406 (calc.for [C 42 H 62 0 16 +H] + , 823.9400) corresponding to the molecular formula C 42 H 62 O 16 with twelve degrees of unsaturation. IR absorptions at 3447 (br), 2972, 2870, 1635 (brs), 1450, 1320, and 1283 cm -1 indicated the presence of a -COOH group in the molecule. The broad band at 3447 cm -1 showed the presence of -OH groups. Absorptions at 1635 (brs, C=C streching) and 891 cm -1 (C-H bending) indicated the presence of a conjugated double bond in the ring [15] . IR absorption at 1025 cm -1 is specific for a C-O ether linkage (for sugar molecules). IR bands at 1161 and 1110 indicated the presence of a side chain in the ring [16] . The 1 H NMR spectrum exhibited signals for seven methyls at δ H 1.09 (brs, 3H, H-29), 1.31 (s, 3H, H-25), 1.63 (s, 3H, H-24), 1.42 (s, 3H, H-27), 1.47 (s, 3H, H-26), 1.56 (s, 3H, H-23) and 1.69 (brs, 3H, H-30). The assignment of methyl groups was in agreement with literature values [17] [18] [19] . A singlet at δ 6.23 (s, 1H) was assigned to an olefinic double bond at H-12. A multiplet at δ H 4.54-4.92 showed the presence of 8 H methines assigned to two sugar moieties, The 13 C NMR spectrum, including distortionless enhancement by polarisation transfer (DEPT), showed thirty-two well resolved peaks corresponding to CH 3 -7, CH 2 -8 and CH-17 signals. Seven signals were assigned to quaternary carbons. Chemical shift values at δc 172.67 and 172.96 were assigned to two gluconic acids corresponding to GlA-6 and GlA-6', respectively, and a signal at δc 179.78 was assigned to a carboxyl group attached to a quaternary carbon (C-18). A δc value at 200.16 was assigned to C=O at C-11.Compound 2 exhibited two anomeric signals at δ H 5.35 and 5.73 in the 1 H NMR spectrum, and δc 105.07 and 106.88 in the 13 On the basis of spectral data ( 1 H, 13 C, HMQC, HMBC, NOESY) of 2 and its aglycone, the structure of 2, with a hopane skeleton, was confirmed as 3-O-[β-Dglucuronopyranosyl-(1→2)-β-D-glucuronopyranosyl]hopan-12-ene-11-oxo-28-oic acid, and designated as potentene-B. Hopane skeletons have earlier been reported in the literature [17] [18] [19] , but this is the first record of them in P. fulgens. Further species of Potentilla need to be studied to understand whether these hopane compounds could be considered as chemotaxonomic markers of the genus.
Compound 3, melting point 247-250 o C, was isolated as a reddish-brown amorphous powder from a n-butanol extract. The compound showed a positive response to FeCl 3 . The UV spectrum showed absorptions at 232 and 278 nm characteristic of flavanols. In the IR spectrum, a broad absorption band was observed for a -OH group at 3465 cm -1 . An IR absorption band at 1631 cm -1 indicated the presence of a double bond in the molecule (C=C stretching). Absorption at 1518 cm -1 indicated the presence of an aromatic ring. Absorption at 1061 cm -1 indicated an ether linkage (C-O) in the molecule. A positive HRESI-QTOF-MS showed a pseudomolecular ion peak at m/z 563. 5288 11 , with eighteen degrees of unsaturation. In the 1 H NMR spectrum, δ H values between 6.86-7.43 indicated ten aromatic protons, possibly arranged in two flavanol moieties in a biflavanoid skeleton. The DEPT spectrum showed sixteen well resolved peaks assigned to 1-CH 2 and 15-CH signals. Fourteen signals were assigned to quaternary carbons. 13 With the above findings, the structure of compound 3 was confirmed as afzelchin−4α→8΄΄−catechin. Earlier, this compound was detected in a mixture from Kandelia candel [20] , but its structure was ambiguously assigned without any NMR data. In the present investigation, all NMR assignments clearly confirmed the structure as afzelchin−4α→8΄΄−catechin and the data are reported here for the first time.
Compounds 4 and 5 were identified as epiafzelchin and rutin by comparison of their spectral data with literature values [21, 22] .These are reported for the first time for P. fulgens aerial parts.
The antioxidant activity of EtOAc, n-butanol extracts and the isolated compounds 3, 4 and 5 were evaluated in-vitro using the DPPH radical scavenging assay. The extracts and the isolated compounds exhibited DPPH radical scavenging activities,with inhibition concentration (IC 50 ) values of 4.90 (EtOAC), 1.61 (n-BuOH), 1.21(3) 2.88(4) and 5.20(5) mg/mL, respectively. In comparison, the known standard, Lascorbic acid, had a value of 0.44 mg/mL. The n-hexane extract showed no activity. Maximum antioxidant activity was exhibited by epiafzelchin-4→8"catechin(3) in comparison to standard L-ascorbic acid.
Experimental

General experimental procedures:
Melting points were determined on a Barnstead Electrothermal 9100 and are uncorrected. 1 H-and 13 C NMR spectra were recorded in CDCl 3 , CD 3 OD and C 5 D 5 N using a Bruker Avance 300 spectrophotometer operating at 300 MHz ( 1 H) and 75 MHz ( 13 C). Spectra were obtained at 25 o C with TMS as internal standard. Chemical shifts were recorded in δ (ppm) relative to the TMS signal; coupling constants (J) are given in Hz and multiplicities of signals are reported as follows: s, singlet; d, doublet; t, triplet; m, multiplet; brs, broad singlet. Mass spectra (HRESI-QTOF-MS) were recorded on a Waters QTOF-MS with ESI using Waters Masslynx software. Each sample was dissolved in acetonitrile: water (50:50) and directly injected into the ESI source at a flow rate of 5 μL/min. UV spectra were recorded using a Hitachi 150-20 spectrophotometer (Hitachi Corp., Tokyo, Japan). 
Extraction and isolation:
Air dried and ground leaves of P. fulgens (70 g) were extracted with MeOH-H 2 O 80:20 (v/v) (1 x 3 L) for 12 h at room temperature (cold extraction). The combined extracts were filtered and dried on a rotavapor yielding 50.2 g of the extract, which was further partitioned with EtOAc, n-butanol and water. The EtOAc and n-butanol soluble fractions were dried with anhydrous Na 2 SO 4 and evaporated to dryness under reduced pressure at 50±5 o C yielding EtOAc (10.4 g) and n-butanol (14.2 g) dried residues. The EtOAc extract (10.4 g) was further subjected to CC over silica gel (60-120 mesh, 25 g) using a gradient elution of n-hexane: EtOAc, with an increasing proportion of EtOAc (5% and 10%) to give a total of 50 fractions. Fractions 20-35 were combined and dried on a rotavapor yielding 300 mg of a reddish brown solid mixture, which was further chromatographed over silica gel (60-120 mesh, 1 g) and eluted with 4%EtOAc in nhexane. Sub-fractions 5-15 (25 mL each) were combined together on the basis of a single spot on precoated silica gel 60F 254 TLC plates. The combined fractions were dried on a rotavapor yielding 1 (25 mg) as a brown amorphous powder.
The n-butanol extract (14.2 g) was subjected to CC on silica gel (60-120 mesh, 30 g) using gradient elution of 10%, 20% and 30% MeOH in EtOAc to give 120 fractions. Fractions 32-43 were combined and dried on a rotavapor yielding 150 mg of a brown solid mixture (3 compounds). The mixture was re-chromatographed over silica gel (60-120 mesh, 400 mg) and eluted with 12% MeOH in EtOAc. Sub-fractions 5-14 (25 mL each) were combined together on the basis of a single spot on pre-coated silica gel 60F 254 TLC plates. The combined fractions were dried in vacuo yielding 2 (42 mg) as a white crystalline powder. This was recrystallized in methanol to yield 30 mg of pure compound. Fractions 60-74 were combined and dried on a rotavapor yielding 492 mg of a brown colored solid mixture. This was rechromatographed over silica gel (60-120 mesh, 1 g) and eluted with 15% MeOH in EtOAc. Sub-fractions 10-25 (25 mL each) were combined together on the basis of a single spot on pre-coated silica gel 60F 254 TLC plates. The combined fractions were dried in vacuo yielding 3 (28 mg) as a reddish brown amorphous powder. Fractions 90-105 were combined and dried on a rotavapor yielding 100 mg of a reddish brown solid mixture. This mixture was rechromatographed over silica gel (60-120 mesh, 800 mg) and eluted with 6% MeOH in EtOAc. Sub-fractions 8-20 (25 mL each) were combined together on the basis of a single spot on precoated silica gel 60F 254 TLC plate. The combined fractions were dried in vacuo yielding 4 (18 mg) as a brown amorphous powder. Sub fractions 26-38 (25 mL each) were combined together on the basis of a single spot on pre-coated silica gel 60F 254 TLC plates. The combined fractions were dried in vacuo yielding 5 (32 mg) as a yellow amorphous powder. Acid hydrolysis of compound 2: Compound 2 (20 mg) was refluxed with 2 N HCl in 1,4-dioxane-water (1:1) for 4 h on a water bath. Dioxane was removed by distillation under reduced pressure and the product after dilution with water was extracted with CHCl 3 (10 mL). The CHCl 3 soluble part, after evaporation, was subjected to CC over silica gel for purification to afford the aglycone, which was identified by 1 H, 13 
Acetylation of 3:
Compound 3 (10 mg) was acetylated with acetic anhydride (2 mL) and pyridine (1.5 mL) at room temperature for 24 h and worked up as usual, followed by CC purification to afford the acetylated product (7 mg).
MP: 138-140 o C. 1 
1,1-Diphenyl-2-picrylhydrazyl(DPPH)radical scavenging activity:
The DPPH radical scavenging activity was measured using a previously described method [23] . All samples (1 mM) were prepared in methanol. Different aliquots were taken and the volume made to 3.0 mL with methanol. The reaction was initiated by addition of 1.0 mL of 200 μm DPPH in methanol. The mixture was kept at 30 o C for 30 min and the absorbance measured at 517 nm in an UVspectrophotometer.
